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(57) Abstract: The invention relates to a device comprising an essentially rectangular substrate having at least one bending sensi-
tive component integrated in the substrate. The substrate has bending lines. There is a bending free region which is located such
that it is nowhere nearer a bending line than 5 mm. The bending sensitive component(s) are placed essentially entirely within said
bending free region.
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SMART CARD MANUFACTURE

The invention relates to manufacture of so active called smart cards comprising

integrated components which are sensitive to bending of the card.

Background of the Invention

Smart cards are plastic cards such as credit cards and the like having electronic
components integrated within the body of the card. There are many electrical
points of contact in such a card, and these contacts must be able to withstand
the bending of the flexible card which inevitably occurs in use (e.g. in an owners
wallet) and/or transport of the cards (e.g. via ordinary mail where sorting

equipment will subject the cards to various kinds of strains).

There is a standard ISO 7816 that contains a number of dynamic tests (ISO

10373) that a card must pass in order to be acceptable.

Summary of the Invention

Thus, there is a need to provide methods of making smart cards such that the
handling of the cards in use and/or transport not likely will cause damage to
them. It is important that the components, i.e. electronic circuits and active
components in addition to the ordinary “smart chip”, are positioned on the card
in such a way that they are not affected by bending, in order to provide

flexibility and to insure a long life of the card.

In accordance with the invention there are defined bending free regions where
the bending radius will be allowed to occur. Rigid components, or more
generally speaking components that contribute to increase the relative rigidity of
the card itself must be placed in these bending free regions. Thus, the regions

adjacent each bending line will to the extent possible be free of components.

The present invention offers a solution to this problem, by a device, in particular
a smart card, having a structure such that the sensitivity to bending is

minimized. Such a card is defined in claim 1.
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In another aspect of the invention there is provided a method of making such a

device, the method being defined in claim 11.

The invention will be described below in detail with reference to the drawings.

Brief Description of the drawings

Figure 1 illustrates definition of bending lines;

Figure 2A shows bending in one direction;

Figure 2B shows bending in a direction perpendicular to the direction shown in
Fig. 2A,

Figure 3 illustrates definition of bending free regions;

Figure 4 shows an embodiment of the design according to the invention.

Detailed Description of the Invention
For the purpose of the present application we define bending lines on a smart

card as follows.

Fig. 1 illustrates schematically a smart card, generally designated with reference
numeral 10. A standard card of this type is rectangular having two parallel long
sides and two parallel short sides. Between the center points of each pair of
sides a straight line referred to as a “perpendicular bending line” is defined. In
the figure there are also shown the main bending lines. In Fig. 1 this is
illustrated such that the bending line A-A extending between the long sides is
denoted A-A, and the bedning line extending between the short sides is denoted

B-B.

In addition to these bending lines we define also “diagonal bending lines”
extending between the corners of the card. As illustrated in Fig. 1 the bending
line extending between the lower left corner and the upper right corner is
designated C-C, and the bending line extending between the upper left corner
and the lower right corner is designated D-D. Bending along these diagonal
bending lines will never be as severe as along the perpendicular lines, but they
nevertheless need to be taken into consideration when designing a smart card

having a plurality of delicate and bending sensitive components..
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Furthermore, we define “bending free regions” as regions on the card surface
which are located no nearer to the bending lines than about 5 mm. This is
illustrated in Fig. 2, and thus we have four quadrants I, II, IIl and IV on a card,
each quadrant being subdivided in two such bending free regions a, b, ¢, d , e, f,
g, h. Of course these regions are not entirely free from being affected by
bending, but for all practical purposes and in particular if bending never
exceeds the criteria of the standard ISO 7816 (test ISO 10373), they can be
regarded as “bending free”. Thus, by bending free is meant that bending within
the limits of said standard will not affect the components for a period of at least

three years..

An important assumption for the purpose of the invention is to consider the
card as “freely clamped”. This means that bending will occur essentially along
the bending lines and that the edges of the card will be essentially straight and
the bending will occur between the edges with some bending radius between the

edges.

This is illustrated in Figs. 2a-b. In Fig. 2a bending occurs along the line A-A of
Fig. 1, whereas the line B-B is straight, and in Fig. 2b bending occurs along line
B-B of Fig. 1 whereas the line A-A is straight. In Fig. 2a the edges of the long
side of the card are straight and in Fig. 2b the short sides of the card are
straight.

On a smart card the smart chip module (referred to as an ISO module in the
following) is located essentially on the bending line B-B and is thus exposed to
shearing forces when the card is bent. However, the ISO module is in itself very

robust and can accommodate the bending forces without being damaged.

The inventive idea behind the present invention is the insight that in order to be
able to make a smart card having at least one component sensitive to the
bending forces that a card may encounter during its life, and that will not be
subject to damage of said sensitive component during use of the card, one has
to place the components according to a design strategy. Namely, the

components should be placed in the above defined bending free regions.
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In particular for a smart card having a display, and active components for
processing information such as a memory, a processor and the like, it is crucial
that they be protected from both the bending forces mentioned above, but also it
must be insured that e.g. temperature changes will not affect the components. If
the thermal coefficient of expansion of the substrate on which the components
are placed is too large, the connections to the components may be affected,
possibly even break, and the components may come off the substrate due to the

strain.

In order to avoid such problems the sensitive components are mounted on a
substrate that is very durable and exhibits very low thermal coefficient of
expansion. One example of such a material is KAPTON®. Kapton is a polyimide
film developed by DuPont which can remain stable in a wide range of
temperatures, from -273 °C to +400 °C. Kapton is used in, among other things,
flexible printed circuits (flexible electronics). This is a relatively stiff material, at

least stiffer than the material which is used for the smart card itself.

This substrate will function as a small circuit board carrying the components.
There will be routing structures for electrical signals to and from the
components provided on the substrate. For example, there will be electrical
leads which are to be connected to e.g. a display module. The circuit board and
the display will be located in different regions of the smart card, and hence the
leads will inevitably cross the above discussed bending lines and the regions

close to the bending lines, i.e. outside the bending free regions.

If the KAPTON (or other suitable material) substrate were made such that it
extends across a bending line in order to match the contacts on said exemplary
display module, the stiffness of the card would increase in this area. This would
bring about increased stress. Furthermore, KAPTON is a very expensive
material, and large pieces of such material would unduly add to the total cost of

the substrate.

Thus, in accordance with the invention, the size of the substrate carrying the

active components is made small enough that it will fit in one bending free
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region. In a preferred embodiment this substrate is placed in the octant labelled
fin Fig. 3. However, of course in principle it could be placed in any of the
bending free regions a-g. Note that the dimensions of the regions in Fig. 3 are

not to scale.

Also, the contact pitch of the active components on the substrate is very small,
and the contacts cannot be directly attached or contacted to the other
components, e.g. the display module. Therefore, what is referred to as a fanning

out of the electrical leads (routings) is made, illustrated schematically in Fig. 4.

Here, a KAPTON substrate 40 carrying an active component 42 has routed
electrical leads 43 provided on its surface. The very small pitch at the
component 42 is “fanned out” on the substrate to a wider pitch at the edge of
the substrate. The substrate is contacted with electrical leads 44 on the smart
card substrate which are further fanned out and contacted with leads 45 on a

flexible display module 46 having a display window 47.

The display module extends slightly across the bending line A-A, but it is

flexible, as mentioned, and thus it can withstand the bending forces.

The active component substrate 40 is suitably attached to the smart card by an

adhesive tape.

A method of making a device according to the invention comprises providing a
substrate having bending characteristics meeting the requirements of ISO 7816
(ISO 10373). Said bending sensitive component is attached to said substrate in
selected regions on said substrate. Selecting said regions comprises identifying
regions on said substrate which at all points within such region are more than 5
mm remote from bending lines on said substrate. The bending lines being
defined as i) perpendicular bending lines extending between center points of
opposing sides of said substrate, and ii) diagonal bending lines extending
between opposite corners of said substrate. Preferably the method provides a

device which is a smart card.
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CLAIMS:

1. A device comprising an essentially rectangular substrate having at least one

bending sensitive component integrated in the substrate;

characterized by

the substrate having bending lines;

a bending free region which is located such that it is nowhere nearer
a bending line than a minimum distance, and by

said bending sensitive component(s) being placed essentially entirely

within said bending free region.

2. A smart card comprising an ISO module and at least one bending sensitive
component integrated in the card, the card comprising an essentially

rectangular substrate;

characterized by

the card having bending lines;

a bending free region which is located such that it is nowhere nearer
a bending line than 5 mm, and by

said bending sensitive component(s) being placed essentially entirely

within said bending free region.

3. The device as claimed in claim 1 or the smart card as claimed in claim 2,
wherein said bending lines are straight lines that extend across the card
between mid points (A-A, B-B) of the sides of the card and between the corners

of the card (C-C, D-D), respectively.

4. The device or smart card as claimed in claim 3, wherein the bending lines (A-
A, B-B, C-C, D-D) all cross each other in the center point of the smart card,
thereby defining eight octants on the card.
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5. The device or smart card as claimed in claim 3 or 4, wherein there are eight
bending free regions located one in each of said octants, each region being

located such that it is nowhere nearer a bending line than 5 mm.

6. The device or smart card as claimed in claim 3, 4 or 5, wherein said bending

sensitive component(s) is/are placed entirely within said bending free region.

7. The device or smart card as claimed in claim 3, 4, 5 or 6,

8. The device or smart card as claimed in claim 3, wherein said bending
sensitive component(s) is/are provided on a separate substrate which is located

within one of said octants.

9. The device or smart card as claimed in claim 8, wherein electrical leads from
said components are fanned out on said separate substrate from a small pitch

to a wider pitch.

10. The device or smart card as claimed in claim 9, wherein the fanned out
leads are contacted to leads on the essentially rectangular substrate, which in
turn are further fanned out to a still wider pitch and contacted to further

components.

11. The device or smart card as claimed in any preceding claim, wherein said
bending free region is located such that it is nowhere nearer a bending line than

a minimum distance of 5 mm.

12. A method of making a device comprising an essentially rectangular
substrate and having at least one bending sensitive component integrated in the
substrate, comprising:

providing a substrate having bending characteristics meeting the
requirements of ISO 7816 (ISO 10373);

attaching said bending sensitive component to said substrate in
selected regions on said substrate;

wherein
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selecting said regions comprises identifying regions on said
substrate which at all points within such region are more than 5 mm remote
from bending lines on said substrate;

said bending lines being defined as

i) perpendicular bending lines extending between center points of
opposing sides of said substrate, and

ii) diagonal bending lines extending between opposite corners of said

substrate.

13. The method as claimed in claim 11, wherein the device is a smart card.
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